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Learning with The Open University 


The Open University (OU) is Europe’s largest academic 
community. With more than 210 000 students learning with 
us each year and with around 600 courses available in a 
range of fascinating and challenging subjects, you’re sure 
to be inspired. We call our flexible study method ‘Supported 


Open Learning’ — it’s study that fits around you and your life. : 


Taking an OU course will be stimulating and rewarding. It 
could point you in the right career direction and if you want, 
you can follow a programme towards a qualification such as 
a certificate, a diploma or a degree. 


Choose from courses in: Science, Environment, 
Engineering and Technology, Social Sciences, Arts and 
Humanities, Business and Management, Childhood and 
Youth, Computing and ICT, Education, Development and 
International Studies, Health and Social Care, Languages, 
Law, Mathematics and Statistics and Psychology. 


Beginning to study 


If you have no experience of higher education, deciding 
to become an undergraduate student can be a big step. 
Our short courses such as The frozen planet have been 
specially designed as a great way to experience OU study. 


The frozen planet (S175) 


Exploring the wonders of the polar world, this short course 
is about the science of the frozen planet, which covers over 
one-third of the Earth at any one time. You will also learn 
about the current management of the polar regions and 
their fate in the near future. 


If you have an interest in science, other Open University 
courses on offer include: 


Science starts here (S154) 


The course is specifically for people who have done little 
or no science before, and whose maths is rusty (or non- 
existent!). Exploring the role that water plays in sustaining 
life — from the journey of a glass of water through the body 
to the effects of pollution — this ten-week course provides 
a gentle introduction to the basic maths and scientific 
vocabulary needed for Exploring science (S104), our 
60-credit interdisciplinary science course. 


Understanding the weather (S189) 

Learn about weather patterns, the physical processes that 
determine the weather, and the extent to which weather 
can be forecast. 


Volcanoes, earthquakes and tsunamis (S186) 


Discover how and why earthquakes, tsunamis and volcanic 
eruptions occur and the hazards they pose. 


Plants and people (S173) 


Explore the impact that plants and their products have on 
our everyday lives. 


Supporting you all the way 


Whatever you decide to do we're right behind you and 
you're never alone. On many courses you'll benefit from 
support from a tutor or study adviser who can be contacted 
by telephone or online. Your Regional/National Centre is 
also on hand to answer any queries you may have. 


Find out more 


To learn more about our courses and qualifications and 
to find out what it’s like to be an OU student: 


visit our website at www.open.ac.uk 


call our Student Registration & Enquiry Service on 
0845 300 60 90 


email mailto:general-enquiries @ open.ac.uk or 


write to The Open University, PO Box 197, Walton Hall, 
Milton Keynes, MK7 6BJ 


For information about Open University broadcasts and 
associated learning, visit our website: 
www.open.ac.uk/openlearn/whats-on 


The Open University has a wide range of learning materials 
for sale, including self-study workbooks, DVDs, videos and 
software. For more information visit the website: 
www.ouw.co.uk 


Published in 2011 by The Open University, Walton Hall, 
Milton Keynes, MK7 6AA, to accompany the series 
Frozen Planet, first broadcast on BBC1, Autumn 2011. 


For more information about the series visit www.open.ac.uk/openlearn/frozenplanet 
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Adélie breeding pairs 





Penguins are an iconic symbol of Antarctica but of the 17 
species only two are truly Antarctic; the emperor which forms 
large colonies on the sea ice and the Adélie which lives in the 
winter pack ice and in coastal waters in summer. Other polar 
species such as the chinstrap and gentoo breed on the 
Antarctic Peninsula, nesting on ice-free slopes or open 
beaches whilst the macaroni and king penguins breed mainly 
on sub-Antarctic islands like South Georgia. 


60 cm 





emperor 





Gentoo penguins Chinstrap penguins 


Penguins are well adapted to the Antarctic marine habitat. 
Their flippers are modified wings and they ‘fly’ underwater, 
leaping clear every few metres to save energy and to take a 
breath. Reduced blood flow to the extremities conserves heat. 
The deepest dive measured is over 500 m. They feed mainly on 
fish, squid and krill, their diet varying with the season and 
availability. Adult penguins have no land predators. At sea, 
their characteristic colours act as camouflage; dark when seen 
from above and light when seen from below against the light, 
reflective surface of the water. Emperor penguins, unlike other 
species, breed and incubate their eggs in the depths of the 
Antarctic winter when air temperatures may be —60 °C and the 
winds are fearsome. 


Penguins are highly sensitive to environmental conditions and 
populations shift location as conditions change. The graph 
below shows changes in the numbers of penguins over time 
near Palmer Station on Anvers Island. The long-established 
Adélie colony has seen an influx of chinstrap and gentoo 
penguins in recent times. 





Changes in the number of breeding pairs of three species 
of penguin in populations on the Antarctic Peninsula 
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1773 


First crossing of the Antarctic Circle 


On 11th December 1772, Captain James Cook 
and his crew sighted an iceberg and came to 
the edge of an endless pack of ice. For two 
months Cook sailed along the pack ice looking 
for a route further south and on 17th January 
1773, his ships became the first to cross the 
Antarctic Circle. 














At polar coasts a thick floating platform of ice called an ice shelf 
can form where glaciers flow out onto the ocean surface. The 
largest are the Ross Ice Shelf and the Filchner-Ronne Ice Shelf 
which can be more than 1 km thick close to land, and only 100 m 
thick at their seaward edge. Ice is lost from Antarctica through 
the 'calving' of icebergs from these shelves where they fracture 
to give birth to drifting glacial ice as much as 2000 square km 
and 400 m thick — although most of this is submerged below the 
ocean’s surface. In some regions the floating ice shelves are also 
rapidly melting from their lower surface as warm water floods 
beneath and is in contact with the cold ice. 





The supergiant iceberg B9B was over 90 km long when it 
collied with the Mertz Glacier in 2010. 


Although the largest ice shelves are changing little in size, six 
of the shelves on the Antarctic Peninsula have collapsed since 
the 1970s and another, the Wilkins, is part way through 
breaking up. This area has experienced some of the fastest 
warming on Earth, which has increased the summer melting of 
snow on the ice shelves. The warming has been linked to 
anthropogenic climate change. Satellite imagery has given us 
a ‘window from above' to observe these break-ups and to 
track the movement of the resulting icebergs. For example, in 
February 2010 an iceberg the size of Luxembourg broke away 
from the continent. It contained enough fresh water to supply 
a third of the world's population for a year. 





Ocean circulation and the Antarctic marine ecosystem are 
inextricably linked. The Antarctic Circumpolar Current 
circumnavigates the continent forming the only global ocean 
and also isolating the wildlife in one of the largest ecosystems in 
the world. The northern edge of this current is called the Polar 
Front but in older times it was known as the Antarctic 
Convergence. South of this towards the continent are the cold 
nutrient-rich polar waters. Compared with many ecosystems the 
food web is relatively simple: the central component is a shrimp-like 
crustacean called krill which can be several cm long. 


may eat up to 
3600 kg of krill 
each day 
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The krill feed on algae which capture energy from sunlight 
converting carbon dioxide and water into carbohydrates for food. 
The dense swarms of krill make up the main food source for most 
animals including seals, whales, penguins, marine birds and fish. 
This simple three-step food chain with so-called ‘top predators’ 
all able to feed on krill enables efficient transfer of energy from 
the smallest animals through to the largest animal ever to have 
lived on Earth — the blue whale. There are few other species but 
generally huge numbers of each of them. For example, there are 
35 species of sea-birds living south of the Polar Front compared 
with more than 120 in the Arctic. With few steps, the Antarctic 
marine ecosystem is potentially fragile and under growing 
pressures from human activity such as over-fishing and krill 
harvesting, as well as the effects of climate change. 





1840 


First to land on 
Antarctica? 


On 20th January the Frenchman 
Jules-Sébastien-César Dumont 
d'Urville, landed from his ship 
Astrolabe and became, arguably, 
the first person to set foot on 
Antarctica. 


1892 


warmer. 














First fossils collected 


Captain Carl Larsen landed 
on the Antarctic Peninsula 
and collected the first fossils 
from the continent, which 
provide proof that the 
climate was once much 


L | The frozen planet team filmed co-operative 
hunting behaviour which allowed the killer whales 
to take prey much larger than themselves. 
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killer whale 
Orcinus orca 
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long whiskers 


leopard seal 
Hydrurga leptonyx 
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dark spots 
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Euphausia superba 
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ntarctic krill are a central 


pillar of the ecosystem of Antarctica. 


five pairs of paddle-like six filter legs 
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1899 


First to overwinter 
on land 


Carsten Borchgrevink and the 
crew of the Southern Cross 
landed at Cape Adare, A 
picture drawn on the inside of 
their hut by Kolbein Ellefsen is 
still visible today. 


1907 


The Nimrod Expedition 


Shackleton led an expedition 
to the same area as the 1901 
expedition he had been on 
with Scott. With two 
companions he got within 97 
miles of the South Pole. 
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wandering albatross 
Diomedea exulans 


If The wandering albatross has the largest wing span of any 
living bird. The population is decreasing and there are around 25 000 
pairs, with long-line fishing causing substantial adult mortality. 
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1910 


The Amundsen Expedition 


Roald Amundsen arrived in 
Antarctica with the sole purpose of 
reaching the South Pole. The 
single-minded approach, better 
equipment, the use of dogs and a 
shorter route all contributed to his 
success. 


1911 


First to the 
South Pole 


Roald Amundsen 
reached the South 
Pole with 4 dog 
teams on 14th 
December. 


1914 


The Imperial Trans-Antarctic 
Expedition 

Shackleton’s ambitious plan to complete 
a Trans-Antarctic crossing ended when 
Shackleton’s ship Endurance was 
crushed in the ice. The rescue of all of 
his party without loss is one of the great 
stories of the ‘Heroic Age’ 


1928 


The first flight to the pole 


Admiral R. E. Byrd, who had already 
attempted a flight over the North 
Pole led an expedition that 
established the first ‘Little America’ 
base. On 28th November 1929 he 
flew to the South Pole and back. 














The coldest temperature recorded on the surface of the Earth 
was -89.2 °C in Antarctica at the Russian Vostok Station - but 
is it like that all over? At the edge of the continent there are 
warm summer temperatures of approximately 0 °C, and winter 
temperatures of -12 °C. Far inland the picture is very different. 
At Vostok whilst there is still a clear seasonal cycle, the 
summer is short and marked by a rapid rise and then rapid fall 
in temperature. Winter is approximately 6 months long with 
temperatures sometimes below -60 °C. 
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month of the year 


In winter as the Sun disappears for longer and longer each day 
the temperatures fall. Coastal regions gain heat from the sea 
and so stay relatively warm but inland the heat loss is so great 
that the temperature falls very rapidly to effectively the lowest it 
can reach. With no further cooling possible and no source of 
heating from the Sun or the ocean, the temperature stays 
approximately constant, producing the so-called ‘coreless 
winter’. This relatively constant winter temperature is perhaps 
the major difference between inland Antarctica and the rest of 
the planet. At locations like Vostok the difference between 
winter and summer is astonishing at over 40 °C, whilst in 
coastal regions it is much less, at 20 °C, but still larger than in 
the UK, for example. These atmospheric climate variations 
have a huge bearing on the life than can live in Antarctica. 





Scientific investigations on the Antarctic ice. 


Seasonal sea ice extents and 
Antarctica without the ice 
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Take away the ice cover and the shape of 
Antarctica would be quite different. There 
would be thousands of small islands and vast 
mountain ranges bigger than the Alps 
stretching acoss the continent that remained. 





1956 


New US base at pole 


The Amundsen-Scott base was built 
at the South Pole by US marines, for 
the International Geophysical Year 
(IGY) in 1957/8. It has been replaced 
by new facilities since and continues 
to be staffed all the year round. 


1961 


countries are signatories. 











The Antarctic Treaty 


The treaty came into force on 23rd 
June and established the continent as 
a de-militarised zone, with territorial 
claims set aside. The treaty promotes 
international co-operation and 
remains in force indefinitely. Forty-six 
















The dominant colours of the Antarctic scene are blues and 
whites and in bright sunlight with still water, the coastline can 
look very beautiful — but it is also very deceptive. The weather 
can change suddenly and an idyllic scene can become one of 
whistling winds so strong that you cannot stand up and driving 
snow that blots out the view, reducing the visibility and making 
everything white. So it is a very beautiful but a very harsh 
environment in which there are relatively few animal and plant 
species, all of which can only exist close to the coast. 


Lemaire 
| Channel 





At the edge of the Antarctic continent incredible ice draped 
mountains rise from the sea. This is the Lemaire Channel. 


Antarctica was once part of a much larger, ancient continent 
called Gondwana that fractured into segments which drifted 
apart to form the continents we recognise today. The force 
which drives the continental movement comes from 
movements of molten rock deep within the Earth. When the 
molten rock reaches the surface it forms volcanoes. The very 
first explorers observed large volcanoes such as Erebus and 
Deception in their travels. Mount Erebus is a classically shaped 
volcanic cone which often has a cloud of steam rising from a 
pool of lava in the vent. In contrast Deception Island is the 
wreck of a large volcano which has been flooded by sea water 
after an explosive eruption — but even today some of the 
waters are volcanically heated. 





Mount Erebus was discovered by James Clark Ross in 
1841 and it has a permanently bubbling lava pool. 


As Antarctica became completely isolated, snow that fell on it 
did not melt in the summers and layers of ice built up until 
about 35 million years ago the great ice sheets formed that we 
recognise today. Now, only a tiny fraction of the continent is not 
covered in ice — and virtually all of this is on the coasts. Inland 
the ice can be over 4 km thick and only the tops of the tallest 
mountains which poke through the ice are bare rock. This vast 
ice sheet contains enough water to raise sea level by over 50 m 
if it were all to melt. Radar can map the mountains and valleys 
hidden beneath the ice. In 2008 an active volcano was 
discovered whose ash field covers an area larger than Wales. 


1996 


Lake Vostok discovered 


Russian and British scientists 
established the existence of a 
large lake similar in size to Lake 
Ontario, 3 km under the ice 
below the Russian Vostok 
Research Station, which had 
been established in 1955. 
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Herd of caribou pasturing on a snow patch on the Arctic 
tundra. 





Sea ice is formed by the freezing of seawater at temperatures 
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Arctic cod are perfectly suited to polar life 














as they have anti-freeze proteins within their blood. f $ of around A 8 °C. At the start of winter, cold air chills the sea 
Their wide distribution means they are a key — — 7 N | surface until it reaches this freezing point. A soupy mixture of 
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food source for narwhals, belugas and seals. aus ee Soe ~ which damps out the ocean waves. As it becomes calmer the 


ice crystals can either form a sheet of ice or if there are still 
significant ocean waves, it forms so-called pancake ice that 
consists of relatively small rounded ice floes 1-3 m wide. Both 
the sheet ice and pancake ice can then freeze together to form 
larger ice floes. More seawater can freeze onto the bottom and 
snow falls on the surface increasing their thickness to typically 
2-3 m although in the Antarctic this is less. A large area of this 
ice is called pack ice and can have floes kilometres wide. As 
the ice grows, salt in the water is squeezed out and so it is 
much fresher than the sea water in which it grows. The annual 
pack ice has a maximum extent in March and minimum extent 
in September. In the central Arctic Ocean ice which partially 
melts but survives the winter to grow again is called multi-year 
ice and its year-round persistence has created a unique biota 
and the development of ice-endemic species. 
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Migration is the large-scale movement of an animal species 
from one place to another which is usually related to seasonal 
changes in weather, feeding, mating and breeding patterns. 
Within the Arctic with its huge seasonal variations many 
populations depend on migration to survive. Caribou make the 
longest overland migration. Each year ~3 million migrate across 
the tundra and larger herds move more than 3000 km 
southwards to seek greener pastures. 
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The polar bear is symbolic of the 
Arctic but it is declining in numbers and 
is at risk from global warming reducing 
the ice on which it lives and hunts. 
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No carnivorous mammals have regular migrations but some 
wolf packs may travel with a caribou herd if food becomes 
scarce. In the ocean, bowhead whales travel north to the Arctic 
in summer to feed in the rich polar waters, but they must return 
south to warmer waters to give birth since the young whales 
don't have enough blubber to insulate themselves from the cold. 
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The Arctic provides diverse habitats for people and wildlife - 
ranging from the icy wastes of the tundra to the ice cap of 
Greenland and the icy waters of the Arctic Ocean. The Arctic 
Circle (66°33' N) is the approximate limit of the summer 
midnight sun and complete darkness of polar night but this is 
not a good definition for the ‘Arctic’. A more common measure 
is a line around the planet south of which the mean 
temperature in July is above 10 °C. It sounds warm but below 
this temperature trees do not prosper and so the 10 °C 
isotherm (line of equal temperature) corresponds to the 
northern limit of trees and is used to define the Arctic. 
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Considered inhospitable, the Arctic environment is subject to 
bitter cold, strong winds, extensive ice cover and areas with 
total darkness during winter. There are huge changes between 
summer and winter conditions yet the Arctic is full of life and 
home to complex food webs. At the centre of the marine food 
web are the algae and phytoplankton that produce organic 
material using energy from the Sun. 
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After the darkness of the Arctic winter, daylight lengthens, 
winter snow on the sea ice melts and when enough light 
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bogs. Anthropogenic climate change is a severe threat to the 
tundra. The 10 °C isotherm will migrate northwards and carbon 
stored in the frozen ground will be released in the form of 
greenhouse gases. 
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Narwhal 





Walrus 


Arctic fox 


The Arctic supports many populations of animals. On the 
tundra, arctic hare, lemming, musk ox and caribou are food for 
higher predators such as the arctic fox, wolf and wolverine. In 
the oceans, tiny plankton are food for fish, seals, walrus and 
whales. The walrus is particularly striking with its wrinkled skin, 
ivory tusks and layers of thick blubber which protects against 
the cold water and wind when on shore. The narwhal is smaller 
and highly specialised, feeding on benthic prey — mostly 
flatfish - under the pack ice. It is particularly vulnerable to 
climate change due to its narrow geographical range and diet. 
The king of Arctic predators in both the land and marine 
habitats is the polar bear. Well adapted to life on the pack ice, 
and well camouflaged, it feeds primarily on small seals but will 
take anything else going, even berries and vegetation in 
summer. 


43 000 
years ago 


Expansion of human 
populations 

About 43 000 years ago humans 
crossed the area now known as 
the B J it and started the 
expansion into the Americas. 
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the food chain -· the carnivores — are the arctic wolves and 
foxes, wolverines, snowy owls and again, the polar bear. 
Anthropogenic climate change is a severe threat to both the 
terrestrial and marine Arctic food webs and as temperatures 
rise, the melting of sea ice and frozen tundra will mean the 
structure of the food webs will change. 








Compared with most regions of the world, the Arctic remains a 
‘pristine wilderness’ but within its vulnerable and fragile 
ecosystem we can now detect anthropogenic pollutants such 
as cadmium, dioxins, selenium, PCBs, mercury and even 
radioactive fallout. The transport of pollutants from 
industrialised regions in the lower latitudes to the Arctic is by 
the winds and ocean currents. Winds deposit surface 
pollutants relatively rapidly on the ice and tundra whereas 
absorption in the ocean is slower. In the Arctic Ocean 
pollutants can be frozen into the sea ice. The harsh polar 
climate means contaminants degrade slowly and they can 
quickly become concentrated due to their significantly 
lengthened life span. As pollutants enter the food chain on, for 
example, the tundra, herbivores will accumulate a dose. As 
predators eat the herbivores bioaccumulation means that their 
dose will be more significant and recent measurements show 
elevated concentrations of persistent organic pollutants (POPs) 
within the fat of polar bears. The Arctic is polluted because the 
rest of the world is polluted. It is ironic that the traditional, 
land-based economy of northern aboriginal populations which 
was based on an abiding respect for natural ecosystems is 
threatened most by the effects of non-indigenous pollution. 


1576 


First search for the 
North-West Passage 


Martin Frobisher was the first person 
to search for a navigable route to the 
Orient through the Arctic. He returned 
with an Inuit captive and what he 
claimed was gold. The ore turned out 
to be iron pyrites — fool’s gold. 















arctic wolf 
Canis lupus arctos 







1854 


Final link in NW Passage discovered 


The Arctic explorer Dr John Rae discovered the 
final link on 6th May. It is now known as the Rae 
Strait. The first traverse of the NW Passage used 
this route. Rae has never received the 
recognition he deserved both for finding traces 
of the Franklin expedition and discovering the 
NW Passage. 
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The arctic wolf is one of the 
few mammals that can withstand the 
sub-zero temperatures and the 

5 months of darkness in the Arctic. 


1893 


Drifting across the Arctic 


Fridtjof Nansen and Otto Sverdrup, in the ship Fram, 
entered the ice in the Eastern Arctic near the New 
Siberian islands and allowed the ship to become 
frozen in. It drifted with the ice and emerged from 
the ice near Spitzbergen, three years later. During 
the voyage, Nansen attempted to reach the North 
Pole, getting closer than any previous expedition. 
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1903 


First traverse of 

NW Passage 

Roald Amundsen 
completed the first journey 
through the NW Passage 
by ship, passing through 
the Rae Strait. 
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caribou 


Reindeer (also called caribou) are 
widespread in tundra and taiga and there 
are both wild and domestic herds. 


1909 


Robert Peary claims pole 


Peary sledged to the pole on a similar route to the 
one that Cook claimed to have travelled. Although 
Peary’s claim to be first at the pole was accepted 
for some time, his readings have now been shown 
to be incorrect and he could not have reached the 
pole. However, it was still an heroic attempt. 











Rangifer tarandus 


antlers are larger in the 
male and are the largest 
relative to body size of 


all deer species. 














1928 


Italia disaster 


The Italian airship, /talia, reached the 
North Pole but crashed on the return 
journey. Nine of the crew survived and 
were rescued from the ice but the rescue 
took 49 days. Roald Amundsen set out in 
ircraft to join the search but he and 





Two Inuit women from Nunavut, Canada dressed in fur 
parkas and mukluks. 


The Arctic has been inhabited for nearly 30 000 years and there 
are numerous indigenous ethnic groups. The Inuit are the most 
widespread, living in Alaska, Canada, Greenland and Siberia. In 
other regions of Siberia are the Chukchi, Koyaki and Yakuts. 
The Arctic tundra is also home to many nomadic reindeer 
herders such as the Nganasan and Nenets (Russia) in the 
permafrost area and the Sami in Sapmi (a cultural region 
spanning the northern reaches of Norway, Sweden, Finland 
and Russia). Most ethnicities have a clan-based social 
structure and a shamanistic and animistic belief system which 
stresses respect for the land and its resources. They have 
developed a unique ability to survive in their harsh environment 
and the few materials such as snow, ice, animal skins and 
bones have been used skilfully to create shelters, weapons and 
forms of transportation. There was usually a 'traditional' 
division of labour with the men hunting and fishing, while 
women took care of the children, cleaned, sewed, processed 
resources and cooked. The harshness and unpredictability of 
life in the Arctic ensured the native people lived with concern 
for the uncontrollable and in harmony with nature. One 
traditional Inuit saying is 'The great peril of our existence lies in 
the fact that our diet consists entirely of souls. ' 


1948 


First person to stand 

at Pole? 

On 23rd April the Russian pilot 

P. A. Gordiyenko landed at the North 

Pole. Since the claims of others to reach 
en contested, he can 
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Seasonal sea ice extents 








typical summer extent (September), 1979-2000 














typical winter extent (March), 1979-2000 





September extent in 2009 
March extent in 2009 











1968 


First surface crossing of the 
Arctic Ocean 

The British Trans-Arctic expedition, led by 
Wally Herbert, set off to cross the Arctic 
using dog sleds. They reached the pole on 
5th April 1969 and completed their 
traverse on 





